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During the past few years the 
power stored in coal, oil, and 
similar deposits has been utilized 
more and more efficiently. How- 
ever, in spite of this, it has been 
found desirable to make use of 
distant hydro-power resources to a 
far greater extent than ever before, 
principally because problems of 
irrigation and flood control could 
be solved at the same time. Water 
power resources are, however, 
fixed as to location and such loca- 
tions are often remote from the 
centers of consumption, necessitat- 
ing long transmission lines to make 
the power available at the distribu- 
tion center. There is also another 
field for long transmission lines, 
namely, the interconnection of 
large and widely separated distri- 
bution centers, which are in need 
of more economical and reliable 
power transmission. 


To do this economically, however, requires a 
reduction in cost of the line and an improvement 
of its transmission characteristics. Many compara- 
tive cost studies have been made both here and 
abroad io analyze the economic and service prob- 
lems, and with them the technical problems inci- 
dent to the transmission of power from large hydro- 
power resources to centers of consumption. In most 
cases it was found that the present way of trans- 
mitting such power is far more costly than the 
hauling of the equivalent in coal to generate the 
electric power near the center of consumption. The 
desire to utilize these hydro-power resources can 
therefore become economically realized only if a 
new way of transmitting the power can be found, 
and studies made by a large number of commis- 
sions in different countries have again and again 
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come to the conclusion that high-voltage direct cur- 
rent may finally be the means to accomplish this 
economically. 


These studies have also indicated that the trans- 
mission of power by high-voltage direct current will 
reduce and in some cases eliminate difficulties re- 
lating to stability, voltage regulation, frequency 
control, and many of the other problems of a-c 
transmission, which are causing much concern 
today when the consumption of electric power is 
increasing at a high rate. Power surges due to 
switching, short circuits, ground faults, or the fall- 
ing out of step of interconnected transmission lines 
often make it necessary to reduce the maximum 
power transmitted by a line to a figure below the 
rating of the system in order to increase system 
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stability. Generally high-voltage a-c transmission 
makes it necessary to provide elaborate and spe- 
cial control arrangements for the line itself. 


It has already been shown that high-voltage d-c 
transmission of power is practical. For 30 years 
such a line operated between Moutiers and Lyon, 
France. This line transmitted a maximum of 20,000 
kw at a d-c voltage of about 125,000 volts and a 
constant current of 150 amp, over a total distance 
of 275 miles. Of this distance, 45 miles were in the 
form of cable; the remaining 230 miles being of 
overhead construction. The experience gained with 
this line over a period of 30 years therefore answers 
practically all questions which may be raised as 
to the behavior of cables when transmitting d-c 
power surges and lightning disturbances on over- 
head lines themselves, and also when overhead 
lines are operated jointly with cables, the behavior 
of insulators, corona losses when direct current is 
transmitted, etc.* 


It is well known that the difficulties with the 
Moutiers-Lyon line were not so much in connection 
with the line itself and its operation but rather with 
the generation of direct current at high voltages 
without an excessive number of rotating machines 
and commutators; and the only reason why more 
use was not made of this system is because of the 
reluctance of electrical manufacturers to increase 
the rating of their machines due to the serious com- 
mutating problems they encountered, as well as 
the elaborate and lengthy procedure necessary for 
starting the system. The protection of the line itself 
against short circuits, lightning, and other operating 
disturbances was successfully accomplished, and 
reports indicate that the system had fewer disturb- 
ances than any a-c transmission system of compar- 
able magnitude in France. 


The above shows that high-voltage d-c power 
transmission has long been actually in use, and if 
a three-wire, grounded neutral system is considered, 
a system of 250 kv can be contemplated without 
facing any problems which have not already been 
solved in the Moutiers-Lyon transmission line. 


Although, with the exception of the Moutiers- 
Lyon d-c transmission system in France, a-c power 
transmission has been universally adopted and 
used throughout the world, there are many engi- 
neers today who are seriously studying and at- 
tempting to balance the advantages and disadvan- 
tages of a-c transmission of power against d-c trans- 
mission and to determine whether the latest prog- 
ress made in connection with commutators of an 
electronic and mechanical nature may not over- 
come the drawback of the above d-c transmission. 
Particular interest is centered on the possibilities of 
using electronic power tubes in a d-c transmission 
system, and so an analysis of the suitability of 


* This system is described briefly in an article entitled “D-C Trans- 
mission Line in France,” which appeared in the Electrical World, 
May 9, 1936, pp. 1341-1342, and was described in greater detail by 
R. Thury in Elektrotechnische Zeitschrift, January 23, 1930, pp. 114-122. 
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various electronic vacuum and discharge tubes for 
high voltage d-c power service is interesting at 
this point. 


Besides the mercury vacuum tube, there are to- 
day two quite highly developed types of electric 
valves which can be used in different circuits for 
the conversion of alternating current to direct cur- 
rent as well as direct current to alternating current. 
In order to ascertain which of these three valves is 
the most suitable, some consideration will now be 
given to their characteristics. 


The first of these three valves — the high vacuum 
tube — is built today for voltages as high as 500 kv 
(at one amp) and for currents as high as 200 amp. 


‘The disadvantage of this type of valve lies in the 


fact that its high internal voltage drop results in a 
low efficiency. The life of these tubes can be con- 
sidered as about 10,000 hours. High-power tubes of 
this type have a considerable tendency to flash- 
overs and arc-backs, and the control of the output 
voltage cannot be accomplished very easily. 


The next well-known electric valve is the mer- 
cury-vapor-filled hot-cathode tube. It can now be 
built for voltages of 30 kv and for currents of thou- 
sands of amperes. The efficiency of this tube is 
very high as the voltage drop is only about 20 volts 
even for very high current outputs. The life of the 
tube can be considered as about 10,000 hours, al- 
though it seems possible that such tubes, when 
operated at comparatively small currents, as for d-c 
transmission, may have a much longer life. The 
tendency to shorts and arc-backs is not great, and 
the current can be very readily controlled, and even 
completely interrupted, by means of control grids. 


The third type of tube is the mercury-arc rectifier 
with mercury-pool cathode. The voltage so far ob- 
tained with such tubes containing several anodes 
per tank is up to 60 kv and, as is well known, cur- 
rents as high as 10,000 amp per tank are success- 
fully handled at low voltages. The life of this tube, 
especially the tank type, can be expressed in years 
instead of hours and the tendency to shorts and arc- 
backs is very slight. Current can be controlled, and 
even interrupted, by means of electrically ener- 
gized grids. 


In considering other features of these three types 
of valves, such as the time necessary for making 
them available for operation, it is found that the 
mercury-pool tube requires practically no starting 
time, while the others require up to one-half hour 
for heating the filaments. Furthermore the filament 
type valves require an excellent vacuum while the 
mercury-pool valve does not require a vacuum of 
such a high degree in order to give proper opera- 
tion and not have its service life shortened. It is 
therefore conclusively evident that the mercury arc 
rectifier, having practically infinite life and already 
satisfactorily carrying very high currents in com- 
mercial operation, appears to be the most promis- 
ing valve for taking care of the commutation and 
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conversion of a-c power to d-c power and d-c power 
back into a-c power. 


The advantages of using such an electric valve 
for rectification and inversion are to be found not 
only in obtaining much better commutation than 
would be possible with mechanical commutators 
but also in the possibilities of obtaining full control 
over current flow as well as over voltage by means 
of electrically energized grids.: 


e Principle of commutation of power 
and regulation of voltage by 
electronic control 
There are available various means and methods 

for controlling tubes and rectifier tanks, but since 

their effects are the same, the discussion is limited 
to those types with electrically-energized control 
grids. 


135 Ohm Short 


A six-anode tank which may be used as a rec- 
tifier or an inverter is shown on page 5. Figure 1 
shows a cross section of a single-anode and a 
multiple-anode tank. 


By applying a potential of about 100 to 300 volts 
(which is negative in relation to the cathode) to the 
control grids arranged in the arc path (see Fig. 1) 
near the anodes, it is possible to delay the flow of 
current to the cathode, that is, the firing of the sev- 
eral anodes, to any desired instant. After the anode 
has ignited, however, and during the flow of cur- 
rent, the control grid ordinarily used is incapable 
of influencing the anode current, contrary to the 
conditions existing in high vacuum valves. Only 
after the current passes through zero (at the end of 
the half cycle), does the grid again become opera- 
tive. By timing the instant of application of the 
control voltage, it is possible to obtain any desired 
firing of the current within the positive half-wave of 
the alternating anode potential. Repeated during 
successive cycles, this gives a fully continuous reg- 
ulation of the d-c voltage output, without any ap- 
preciable losses. It can easily be seen that by 
applying a negative blocking potential to the grids, 
in relation to the cathode, all of the anodes can be 
blocked from firing. Since each anode of a poly- 
phase rectifier carries current for only a fraction .of 
a cycle, the grids can gain control within a very 
short time interval, and the current flow can be 
quickly interrupted. 

The oscillogram reproduced in Fig. 2 shows the 
unusual possibilities of such grid control. A mo- 
mentary short circuit of about five times normal 
current was applied to a rectifier while carrying full 
load. The short was interrupted in the rectifier by 
the controlling grids in 1.4 cycles (about one cycle 
after the grid controlling relay closed), and normal 
service was entirely automatically restored 8 cycles 
later. 


@ Principal advantages of 
electronically-controlled mercury 
power tubes for d-c transmission 
Below are enumerated the main features obtain- 

able by introducing such controi grids in a mercury 

arc rectifier or inverter, showing still further the 


suitability of these valves and the possibilities they 
hold for high voltage d-c transmission. 
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The most important features may be classified as 
follows: extremely fast automatic voltage regula- 
tion; voltage control under load without increased 
losses; and absolutely smooth operation, either 
automatic or manual (power can be reapplied at 
low voltage and then automatically increased to its 
full value very smoothly and at any desired rate, 
adjustable from about two cycles to two seconds); 
high-speed protection with electronic interruption of 
power instead of mechanical interruption; means or 
possibilities for inversion of reactive energy when 
cutting off power (this provides quicker interruption 
and prevents this energy from having to be dissi- 
pated in a flashover arc in a protecting device, etc.); 
automatic means for interrupting and reapplying 
power in a very short time (1/20 of a second during 
many tests) when clearing a temporary flashover 
arc (see oscillogram Fig. 2). 

All these control features can be obtained with- 
out any great expense, and extremely heavy cur- 
rents at very high voltage can be controlled by 
the use of small grid circuit devices involving the 
switching of only a few milliamperes at low voltage. 

Mercury tanks and inverters in which all these 
features were incorporated and tested have already 
been built for outputs of 50 kv, 2000 kw, using a 
tank of medium dimensions, as shown on page 5. 
Furthermore, several tanks for 25 kv and 1500 kw 
also were built of this same type and have given 
very satisfactory operation. Tests have shown that 
the output voltage can be controlled by means of 

ids with a very few milliamperes and 200 to 300 
volts, and interruption of power can be effected in 
1/60 of a second (one cycle) which is much faster 
than the highest-speed a-c oil circuit breaker in use 
today for interrupting circuits. In other words, by 
applying several such valves in series, voltages 
and currents suitable for transmission of large 
blocks of power can be obtained. 
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Electronic rectifiers and inverters with the above- 
mentioned features are now actually commutating 
currents and voltages which could not be handled 
by the commutators of rotating machines. It was, 
therefore, felt that it would not be amiss to give 
serious consideration to d-c transmission employing 
mercury vapor or pool-type rectifier and inverter 
tubes.* Engineering data are available covering all 
the component parts of such a system, and operat- 
ing data of a practical nature obtained in connec- 
tion with the 125 kv line described above justified 
the study of the possible use of direct current for 
transmitting much larger amounts of power over 
longer distances. Such a system would involve a-c 
power generated by alternators of standard design 
at a convenient voltage, stepping up this voltage, 
converting the current to direct current by mercury 
arc rectifier tubes, transmitting it by cable or over- 
head line, then inverting it by similar mercury arc 
inverter tubes, and stepping it down again to the 
customary distribution voltage and frequency. 


A typical system of d-c transmission, laid out for 
300 kv and 100,000 kw, is. shown in Fig. 3. This 
diagram includes both conversion and inversion 
equipment, and as can be seen one transformer 
supplies two rectifiers; thus a total of six transform- 
ers, each rated at 16,666 kw, will be required. In 
order to obtain the transmission voltage of 300 kv, 
12 tubes — six connected in series between positive 
and ground and six between negative and ground 
— would have to be employed. It can be seen that 
all switching can be done on the a-c side, and the 
switchgear in the high tension d-c circuits is of the 
disconnecting type and is provided only for oper- 
ation without power on the line. 





*O. K. Marti, “Rectifier Tests Point to D-C Transmission,” Electrical 
World, July 4, 1936, p. 2054 ff. 
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e Economic limitations of d-c 
transmission systems 


Considerable differences of opinion exist in re- 
gard to the question of the minimum amount of 
power and the minimum distance for which a d-c 
system has more advantages than a three-phase, 
a-c system. One investigator, after careful study, 
gives the boundary line for these considerations at 
100,000 kw, and 100 miles. The correct answer to 
this question will depend to a large extent on the 
progress made in the development of the rectifier 
and inverting units, and preliminary studies have 
shown that d-c transmission can be used to advan- 
tage even when transmitting a relatively small 
block of power over only 300 miles.* 


In fact, it may be that d-c transmission becomes 
economically advantageous in urban centers with 
underground cables, when only 15,000 to 50,000 kw 
are to be transmitted, over distances as short as 
ten to 25 miles. Such short distances and such small 
amounts of power have not hitherto been seriously 
considered as coming within the province of d-c 
transmission, but the high cost of cables, and par- 
ticularly the expense of their installation in our 
large cities, compensates for the cost of the neces- 
sary converting and inverting equipment.** 


The principal advantages and disadvantages of 
d-c transmission are summarized below: 


1. In connection with the d-c transmission line, there 
will be no line voltage drop due to inductance 
and no voltage rise due to capacitance. There- 
fore, the only voltage drop will be that caused 
by the ohmic resistance of the line. 


2. There will be no phase displacement, due to the 
above facts, and, therefore, the stability problem 
existing in a-c lines will not be encountered. 
Because of the absence of the stability problem, 
there will be no limitation to the rating of the 
power line, except by the cross section of the 
line, which is determined by the current density 
and the corona effects. For a given system, 
therefore, this factor and others may contribute 
considerably to greater economies. 


3. The absence of line impedance eliminates the 
usual compensating condensers along the line 
and contributes another factor toward economy. 
Due to the line capacitance, a charging current 
will occur only during the time of application of 
the voltage. This time is relatively short and 
the energy required is, therefore, very small. 
There is no line charging current necessary dur- 
ing the starting up performance of the transmis- 
sion line and during operation, except during the 
transient period. 


4. The absence of skin effect makes possible a bet- 
ter utilization of the copper and consequent re- 
duction of the I?R losses. 


5. The corona losses are lower than with alternat- 
ing current. 


*R. D. Evans, Electrical Engineering, April, 1935, p. 449. 
** Herman Halperin, Electrical Engineering, April, 1935, p. 447. 
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6. The permissible voltage of overhead lines with 
a given amount of insulation can be increased 
by at least 40 per cent, because of the ratio be- 
tween the peak and the effective a-c voltages. 


7. An even greater increase in the permissible 
transmission voltage in cable lines can be made 
— in some cases as much as five times that per- 
missible with alternating current— due to the 
absence of dielectric losses, etc., present in a-c 
cable lines. 


8. The possibility of exchange of power between 
independent a-c systems of different frequencies 
makes expensive frequency-changer sets unnec- 
essary. Moreover, systems of the same frequency 
need not be synchronized to be connected by 
means of a d-c transmission line. 


9. Particularly valuable in hydro-electric plants op- 
erating at heads varying within wide limits (stor- 
age plants) is the possibility of supplying a d-c 
line from an a-c source of variable frequency. 
In other words, since mercury arc tubes operate 
equally well at different frequencies, the gener- 
ator speeds can be adjusted to the most econom- 
ical values of the prime movers. 


It must, of course, be realized that the use of 
direct current for power transmission would, with- 
out question, introduce a number of new problems. 
Some of these may take a long time before they 
are solved, but in the meantime they may also be 
circumvented. One of these will be the fact that it 
is not, at present, possible without cost to transmit 
wattless power over a d-c line. However, in most 
of the projects where d-c transmission would come 
into consideration, this fact would not be a draw- 
back. 


Another problem may be caused by the fact 
that so far no circuit breakers have been devel- 
oped for the interruption of direct currents at the 
voltages which would have to be used for such a 
line. Switching can, of course, always be accom- 
plished on the a-c side, and the grid-controlled rec- 
tifier and inverter (see oscillogram, Fig. 2) may at 
the same time also partly fulfill the functions of a 
d-c breaker. Still another problem would arise from 
the fact that it may be necessary to connect a num- 
ber of rectifiers and inverters in series, and perhaps 
also in parallel, to obtain the necessary voltage and 
sufficient rectifying and inverting capacity. 


Since, as indicated above, a much larger amount 
of power can be transmitted over a given overhead 
line or cable if direct current is used than if alter- 
nating current is used, the economic side of the 
question is very favorable to d-c transmission, in 
spite of the fact that rectifying and inverting equip- 
ment is necessary, in addition to the usual trans- 
formers. Moreover, it will be realized that the 
longer the transmission line the greater will be the 
economic advantage, as the converting and invert- 
ing equipment will cost the same for a given amount 
of power, irrespective of the length of the transmis- 
sion line. 
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ners with equipment for changing taps 
load have been used extensively, but in 
very case they have been connected so as 
change of voltage in phase with the line 
voltage. In recent years there has been 
sing use of transformers with tap chang- 
load equipment connected to give phase 
ol or to introduce a variable phase dis- 
n the circuit without disturbing the load. 
isformer units have been installed, which 
de independent adjustment of both volt- 
phase angle in the same unit. It is be- 
t such units will become increasingly 
as the need for phase angle control de- 
ecause, as a rule, in-phase voltage control 
required wherever phase angle control is 
nd usually both must be adjusted inde- 
for maximum flexibility. 


he use cf phase angle control equipment may 
esirable when two circuits of different imped- 

id carrying variable loads are connected 

le. Starting at a point A, Fig. 1, where two 

cuits are connected together, the variable 

and different impedances in the two circuits 

and AC result in a phase displacement and a 
voltage difference between the two voltages at B 
and C, the other ends of the two lines. This voltage 
ice may be both angular and quantitative. 
Hence, if the two circuits should be connected to- 
gether at this point, the difference in voltage due 
to the phase displacement would cause a circulat- 
ing current to flow even though the voltages them- 
selves might be equalized in some manner. If the 
amount of circulating current under this condition 
should become appreciable, it might be economical 
to install a combined voltage and phase angle con- 


A* ~C 


pee Celolosaatt atom Orbacttt he 


Fig. 2—Vector Diagram 


trol unit to equalize the voltages and shift the phase 
position of one of the voltages in order to compen- 
sate for the phase angle difference due to load 
conditions. Likewise, by changing the seiting of 
the voltage and phase angle control units it is pos- 
sible to change the division of current in the two 
feeders. 


e In-phase voltage control under load 


When separate regulating units for in-phase volt- 
age control under load are used, the exciting and 
series transformers are connected so that the volt- 
age introduced in the circuit by the series trans- 
former is in phase with the line to neutral voltage 
as indicated in Figs. 2 and 3. Figure 2 shows the 


vector diagram of the line voltages before the in- — 


phase voltage is added; and Fig. 3 shows the addi- 
tion of the in-phase voltages AA’, BB’, and CC’ to 
give the new line voltages A’ B’ C’. It will be noted 
that the voltages AA’, BB’, and CC’ are in phase 
with the respective line to neutral voltages AO, 
BO, and CO. 


The actual connections are shown schematically 
in Fig. 4. The equipment includes an exciting trans- 
former arranged for changing taps under load. The 
primaries of the three-phase exciting transformer in 
this case are connected in star, and the secondaries 
of the exciting transformer each supply the pri- 
maries of the series transformer in the same phase. 


That the voltage developed in the secondary of 
the series transformer is in phase with the line to 
neutral voltage may be readily seen by reference 
to Fig. 5, which shows all three phases of the ex- 
citing transformer primary but shows only the sec- 
ondary connections required to supply one phase 
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of the series transformer — the one in line B. Since 
the voltage in the secondary of the exciting trans- 
former is in phase with the voltage OB and this 
voltage is applied to the primary of the series trans- 
former, the secondary voltage BB’ must be in phase 
with the line to neutral voltage OB. 


e Phase angle control under load 


Phase angle control under load simply consists 
of means for impressing a variable voltage in the 
line circuit which is not in phase with the line to 
neutral voltage. This is done by combining volt- 
ages from adjacent phases instead of the same 
phase. For phase-angle control to be reasonably 
independent of the in-phase voltage control, the 
phase shifting is usually done by inserting a volt- 
age in quadrature with the line to neutral voltage. 
Several combinations are possible, and a typical 
method is illustrated in Figs. 6, 7, and 8. 


Figure 6 shows the vector relationship of the line 
voltages A, B, and C. To insert a voltage in the 
line at right angles to the line to neutral voltage 
requires adding voltages AA’, BB’, and CC’ as 
shown in Fig. 7. The voltage AA’, however, is in 
phase with the voltage CB, BB’ is in phase with AC, 
and CC’ is in phase with BA. Hence to obtain these 
voltages it is merely necessary to connect the pri- 
mary of the series transformer across a winding 
with a voltage in phase with the corresponding line 
voltage. One arrangement for doing this is to con- 
nect the primary of the exciting transformer delta 
instead of star, as was done in Fig. 4, and cross- 
connect the secondaries as shown in Fig. 8. 


That the voltage developed in ithe secondary of 
the series transformer is in quadrature with the line 
to neutral voltage may be readily seen by refer- 
ence to Fig. 9, which shows all three phases of the 
exciting transformer primary, but includes only 
the secondary connections required to supply one 
phase of the series transformer — the one in line B. 
Since the voltage in the secondary of the exciting 
transformer is in phase with the voltage AC which 
is in quadrature with the voltage OB and this volt- 
age is applied to the primary of the series trans- 
former, the secondary voltage BB’ of the series 
transformer must likewise be in quadrature with 
the line to neutral voltage OB. 


e Combined in-phase voltage and 
phase angle control under load 


To obtain independent in-phase voltage control 
and phase angle control in the same circuit the two 
separate regulating units of Figs. 4 and 8 may, of 
course, be connected in the same line, but a con- 
siderable reduction in equipment cost can be ef- 
fected by combining the two into a single unit. 
Figure 10 illustrates the connections for such an 
arrangement. The equipment consists of a 3-winding 
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exciting transformer, two separate tap changing 
under load equipments, and a series transformer 
in each phase. The primary of the exciting trans- 
former is connected in delta, and the two secondary 
windings are provided with tap changing under 
load equipments and interconnected so as to sup- 
ply voltages to the primary of the series trans- 
former, which may be varied independently to give 
the desired independent voltage and phase angle 
control. 


The reason for the various connections in Fig. 10 
may be seen from the simplified diagram of Fig. 11, 
which shows the three phases of the exciting trans- 
former and the three sets of secondary windings of 
the series transformer with only the interconnections 
of one phase. For simplicity, two separate series 
transformers are shown in line B—one for the in- 
phase voltage component and the other for the 
quadrature voltage component. The neutral of the 
system is shown at O, and it is evident that to ob- 
tain in-phase voltage control in line B, a voltage 
in phase with the voltage OB should be introduced. 
Likewise to obtain quadrature voltage control a 
voltage at right angles to OB should be introduced. 
It will be noted that the voltage AC is at right 
angles to OB and the voltage of the secondary 
winding A’’ O” is also at right angles to OB. 
Therefore, if the terminals of the winding A’’ O”’ 
are connected across the primary of the series 
transformer S’’, the voltage developed in the sec- 
ondary of this series transformer will be parallel to 
AC and at right angles to OB, giving perfect quad- 
rature voltage control, assuming the voltage of 
A’’ O” can be changed under load by the usual 
methods. 


To obtain in-phase voltage control it is desired 
to impress in the series transformer in line B a vollt- 
age in phase with voltage OB. There is no single 
winding in the secondary of the exciting trans- 
former having a voltage in phase with OB, but it 
will be noted that the voltage B’ C’ is in phase with 
BO. Therefore, if connections as shown are led 
from B’ C’ and applied to the primary of the series 
transformer S’, a voltage in phase with BO will be 
obtained in the secondary of S’; and if the position 
of the connections to the windings O’ B’ and O’ C’ 
are varied under load by usual methods, perfect 
in-phase voltage control will be obtained. 


For a combined unit the two series transformers 
S’ and S”’ need not be separate but may be com- 
bined into a single series transformer with the pri- 
mary supplied by the same voltages which were 
connected to their separate and individual pri- 
maries. Such an arrangement is shown in Fig. 12. 
It can be seen that varying the position of the tap 
lead Q provides independent quadrature voltage 
control; and, likewise, by varying the position of 
R, and R, toward or away from O’ simultaneously, 
independent in-phase voltage control can be ob- 
tained. 
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e Simultaneous voltage and phase 
angle control 


For some applications it is possible to obtain sat- 
isfactory results without independent control of the 
voltage and phase angle by using a unit which in- 
creases the phase angle at the same time as it 
increases the voltage, or vice versa. Here again 
see Fig. 13) the principle is illustrated by showing 
but one phase of the series transformer. It will be 
noted that the voltage AB is 30 degrees out of phase 
with the line to neutral voltage OB so the voltage 
BB’ developed in the series transformer is also 30 
degrees out of phase. 


e Types of equipment for various 
functions 


The tap changing under load equipment used to 
obtain phase angle control under load is exactly 
the same as equipment used for voltage ratio con- 
trol under load for the same voltage and current 
conditions. The phase angle control is simply ob- 
tained by using different connections in the trans- 
formers. Photographs of units illustrating all the 
principles involved are shown in Figs. 15 and 16. 
This type of unit regulates 10,400 kva, 3 phase, 
24,000 volts to provide independent control under 
load of in-phase voltage through a plus or minus 
10% range in 32 steps, and quadrature voltage to 
give a plus or minus 25 degree phase shift in 32 


steps. The large number of steps is obtained with 
but eight physical taps in each winding by the 
use of “half-cycling’” operation* and a reversing 
switch. The in-phase regulation is obtained by the 


use of the mechanism illustrated on the side of 
the tank, Fig. 16, whereas the quadrature voltage 
control is obtained by the mechanism on the oppo- 
site side, Fig. 15. The principle of operation is the 
same in either case except that on account of the 
greater voltage range required by the quadrature 
unit, circuit breakers are used to interrupt the cur- 
rent before the dial switches move. 


The sequence of operations during tap changes 
and the complete wiring diagram are given in Fig. 
14 and Fig. 17. 


The compartment on the cover of the unit illus- 
trated in Fig. 16 contains a three-position discon- 
necting and grounding switch in circuit with the 
incoming and outgoing potheads shown at the 
bottom. 


It is evident that transformer units involving 
combined in-phase and quadrature voltage .control 
under load are entirely feasible. It is, of course, 
to be understood that phase-angle control may be 
likewise furnished with transformer units built for 
straight transformations and not for use as regu- 
lating transformers. 
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Fig. 17—Combined Voltage and Phase Angle Control. 





ENGINEERING FUNDAMENTALS 


ELECTRIC VALVE ACTION 


PRINCIPLE OF RECTIFICATION @ 





s Uni-directional current in a mercury arc recti- 
fier furnishing power to a resistance load as 
in Fig. 1 is obtained in the load circuit through the 
rectifying action of the anode in the evacuated 
chamber. The cathode spot is usually started by 
means of an auxiliary circuit, not shown in the 
figure. If the anode is positive with respect to the 
cathode, the current can flow only from anode to 
cathode because of the valve action of the anode. 


Therefore during the period when anode | is 
positive, a current will flow from anode | to the 
cathode and through the load circuit in the direc- 
tion indicated by the heavy arrow, and anode 2, 
being negative with respect to the cathode, will 
prevent the flow of current from anode 2 to the 
cathode. During the next half cycle, as soon as 
anode 2 becomes positive and anode | negative, 
current will flow from anode 2 to the cathode and 
through the load circuit in the direction indicated 
by the dotted arrow. It can therefore be seen that 
the current flowing through the load is always in 
the same direction in spite of the fact that the power 
source on the primary side of the transformer is 
alternating. The two anodes work in rhythm with 
the impressed alternating current and allow the util- 
ization of both half waves of the impressed voltage. 
Figure 2 shows the current wave obtained. 





The instantaneous values of the two anode volt- 
ages have the same magnitude and phase and are 
180 degrees displaced. Consequently a series of 
adjacent half waves are obtained, constituting a 
direct current with a ripple of the order of 120 
cycles. To reduce the ripple it is customary to pro- 
vide a rectifier with several anodes, the most com- 
monly used circuits including six-anode, 12-anode, 
and 18-anode rectifiers for transformer connections 
of double three-phase or six-phase, double six-phase 
or 12-phase, and triple six-phase respectively. 


In a six-phase connection each phase of the sec- 
ondary winding of the transformer and each anode 
of the rectifier carries current for only one-sixth of 


Fig. 2—Voltage and 
Current in two Anode 
Rectifier. 


l—Two Anode Mer- 


cury Arc Rectifier 
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Fig. 3—Voltage 
and Current in 
Six Anode Recti- 





ELECTRICAL 


a cycle, as shown in Fig. 3, and the rectifying arc 
rotates in a circle from anode to anode in synchro- 
nism with the frequency of the supply. The rms 
value of the anode current and the main value of 
the direct current, considered in Fig. 3, can be de- 
termined as follows: 


Each anode carries current for one-sixth of an 
entire cycle, which is equivalent to = . Then the 


effective value A of the anode current of a six- 
phase rectifier in terms of the constant direct cur- 


rent I is eae 
= 1 2r o 
A= \ ( 2r ) ( 6 +) P 
or A= —L 
\ 
Therefore it is evident that the effective or heat- 
“a value of the current is not of the order of +-, but 


¥° , and each of the six phases of the transformer 
secondary winding must be built for this value of 
current. Also, each individual phase carries cur- 
rent for only one-sixth of a cycle. 


Accordingly it can be seen that the copper of 
rectifier transformers operated over a comparatively 
large part of the cycle, as in a two-anode rectifier, 
is used more than in cases where current is carried 
for only a small part of a cycle, as in units having 
a large number of anodes. On the other hand, a 
higher d-c voltage is obtained through the use of 
a greater number of anodes, as is evident by com- 
paring Fig. 2 with two anodes and a rectified d-c 
voltage of .64 Emax and Fig. 3 with six anodes and 
a rectified d-c voltage of .96 Emax. 


The “utility factor” (utilization of the available 
transformer capacity) takes into account both the 
conduction period and the d-c voltage obtained. 
Figure 4 shows the utility factor for the secondary 
of a rectifier transformer under various conduction 
periods and with different numbers of anodes. 
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Fig. 4—Utility Factor of Rec- 
tifier Transformer Secondary. 
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CONCERNING TRADE MARKS 


© Leo Teplow, 
PATENT ATTORNEY 


. . ALLIS-CHALMERS MANUFACTURING CO. 





A trade mark has one basic purpose or func- 

tion: to designate the origin of the goods to 
which it is applied. It is the signature of the maker 
or distributor of the goods. 


There was no need for trade marks in those an- 
cient times when life was simple and direct. When 
the shoemaker’s customers went to him directly to 
purchase their shoes, they knew where their shoes 
came from, and there would have been little use 
in his applying his peculiar trade mark thereto — 
unless it was intended as an advertisement to 
others. Today when a customer enters the shoe 
department of a large department store, he or she 
may be met with shoes of dozens of different makes. 
Modern leather manufacture and ornamentation has 
reached such a stage of perfection that it is diffi- 
cult even for an expert to determine the kind and 
quality of leather used. The average customer, no 
expert, is in no position to judge by appearance 
alone. Therefore he is most likely to ask for a cer- 
tain brand which faith or experience indicates is 
of good quality. He knows or believes that shoes 
from the same source have been of good quality 
or otherwise desirable, and hopes that they may 
continue to be so. A known trade mark designates 
the origin of the goods. 


This does not necessarily mean the original 
source or manufacturer of the goods. The trade 
mark in most cases may be the property of the 
manufacturer who makes and originally distributes 
the goods; or, in other cases, it may be the prop- 
erty of the distributor whe has the goods manufac- 
tured by other parties. A manufacturer may have 
his own trade mark and sell his goods directly or 
through a large number of retail outlets. On the 
other hand, a large department store may affix its 
own trade mark to goods manufactured for the 
store (and perhaps to the store’s specifications) by 
some manufacturer. 


One effect of trade marks seldom appreciated by 
the trade mark owner is that a trade mark enables 
the prospective purchaser to avoid shoes of a cer- 
tain brand. Experience, direct or indirect, may have 
aroused a prejudice against a certain brand of 
shoes. Use of a trade mark enables the customer 
to recognize shoes having that origin so that he 
may refrain from purchasing shoes of that- brand. 


Trade marks are so often associated with the 
concept of good will that trade marks and good 
will are frequently considered as inseparable as 
Amos and Andy. It is generally assumed that the 
value of a trade mark is created by the good will 
associated with it. Originally this good will was 
honestly earned by the reliable qualities of the 
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goods which bore the mark. While this is also true 
in many cases today, yet all too often in recent 
years we have seen the creation oi what may be 
termed “synthetic good will” — good will based on 
widespread, repeated advertising. 


Thousands of non-smokers can name the leading 
brands of cigarettes, not because they know them 
by use, but because the trade names have been 
dinned into their consciousness by way of news- 
papers, bill boards, radio, etc. It would be difficult 
to determine how many smokers use their cus- 
tomary brand of cigarette because they prefer it; 
and how many buy a specific brand of cigarettes 
because advertising has made it so familiar that it 
is easiest to ask for. However, whether the good 
will be earned by quality of product or whether it 
be synthetic, it is in all cases directly associated 
with the trade mark and makes it easier to sell a 
larger quantity of the goods than could be sold if 
the good will were not existent. 


It is the good will associated with a trade mark 
that makes that trade mark valuable to the pro- 
prietor of the trade mark. It is because of the good 
will associated with a trade mark which is estab- 
lished in its field that newcomers frequently try to 
adopt a very similar trade mark, in the hope that 
the purchasing public will fail to differentiate be- 
tween the two. The fact that such practice consti- 
tutes unfair competition and infringement of the 
existing trade mark does not prevent repeated at- 
tempts on the part of hopeful infringers to divert 
some of the good will associated with an estab- 
lished trade mark to their own benefit. 


e Common law rights 


Infringement of trade marks is but one sector in 
the larger field of unfair competition. Unfair com- 
petition may consist of any of the various means 
sometimes used to pass off the goods of one man- 
ufacturer as the goods of another. The offense of 
unfair compeiition may be committed by copying 
a competitor's descriptive package so that the goods 
may be off those of the competitor, in 
order to benefit by the good will he has established 
for his product. Any means used to pass off your 
goods as the goods of some other manufacturer or 
selling agency would constitute unfair competition. 
The copying of a competitor’s trade mark, or the 
use of a mark which resembles that of a competitor 
sufficiently to confuse the purchasing public, con- 
stitutes unfair competition through infringement of 
a trade mark. 


The right to a trade mark does not depend on 
registration of the mark in the United States Patent 
Office or anywhere else. The right comes into be- 
ing as soon as a mark has been used on the goods 
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in commerce (provided the mark does not resemble 
another's existing mark to the extent of causing 
confusion in the trade). Registration of the trade 
mark merely facilitaies enforcement of this existing 
right. 


e Registration 

While trade marks used in local commerce may 
be registered in the various states, such registra- 
tion is not within the scope of this paper. Trade 
marks used by the owner “in commerce with for- 
eign nations, or among the several States, or with 
Indian tribes” may be registered in the United States 
Patent Office. To be a technically good trade mark 
so that it may be registered under the basic act of 
February 20, 1905, a trade mark, with certain lim- 
ited exceptions, must comply with the following 
requirements: 


1. It must not resemble an existing trade mark 
so closely as to be likely to cause confusion in the 
trade; 


2. It must not comprise immoral or scandalous 
matter; 


3. It must not comprise the flag or coat of arms 
of the United States or of any sta 2, municipality or 
foreign nation, etc., or the emblem, flag, etc., of any 
organization, corporation, etc., incorporated in any 
state in the United States; 


4. It must not be merely the name of an indi- 
vidual or firm, unless written or printed in some 
particular or distinctive manner; 


5. It must not be merely descriptive of the goods; 
and 


6. It must not be merely a geographical term. 


Items 2, 3, and 4 are largely self-explanatory, 
but the other items might be better understood if 
we resort to a few examples of adjudicated cases. 


The resemblance between a proposed mark and 
an existing trade mark is determined by sound as 
well as by appearance. Merely misspelling an ex- 
isting trade mark will not result in a good trade 
mark. Of recent years the resemblance in sound 
has been particularly stressed, in recognition of the 
increased use of radio advertising. For example: 
“Insta-Matic” was held to be deceptively similar 
to “DIST-O-MATIC” and therefore not registerable. 
Similarly “Slices-O-Gold” was held to be decep- 
tively similar to “SUNSET GOLD,” and “BECKA- 
CITE” is deceptively similar to “BAKELITE,” while 
“PEARLEDENT” is deceptively similar to “PEPSO- 
DENT.” On the other hand “Thermatic” was held 
to be not deceptively similar to “OIL-O-MATIC” 
and “Vapex” was held not deceptively similar to 
“Vaporub.” 


It must be understood that similarity of marks is 
objectionable only if the goods are “of the same 
descriptive properties.” A newcomer may apply a 
known trade mark which is associated in the public 
mind with one type of goods to a distinct type of 
goods. If, for example, “Vulcan” were a known 
trade mark for locomotives, there would be no ob- 
jection to another manufacturer’s adopting and ap- 
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plying the same mark to goods of different descrip- 
tive properties, such as safety pins. It is unlikely 
that the public would ascribe these goods to the 
same origin even though the same trade mark were 
used on both. 


Furthermore, a good technical trade mark must 
not be descriptive of the goods. Everyone selling 
the same kind of goods is entitled to use descriptive 
matter in advertising it; hence no one manufacturer 
would be entitled to exclusive use of some word 
descriptive of the goods; for example, “DRY-ICE” 
was held to be descriptive of solid carbon dioxide 
and therefore was not registerable as a trade mark 
therefor. “Over Head Door” was held to be merely 
descriptive of garage doors, and therefore not reg- 
isterable. On the other hand “Floating Power” was 
held not to be descriptive of engine mountings. 
This brings out the point that a mark which is 
merely suggestive of some property of the trade 
marked product may be a good technical mark; 
whereas a descriptive mark may not be registered. 


No trade mark which is merely a geographical 
term may be registered. This is in fairness to the 
public. Any product made in a given locality may 
be described as coming from ihe locality and no 
one person may obtain exclusive use of a mark 
which consists merely of a geographical name. 
Any hams originating in Virginia may be termed 
Virginia hams, and all Wisconsin cheese producers 
may describe their product as Wisconsin cheese. 
Thus, “Avon” could not be registered for tooth 
brushes; but “American Lady” was registered for 
shoes because it was not merely geographical. 


e Advantages of registration 


A trade mark right differs from a patent right. 
Patent rights do not legally come into existence 
until a patent is granted; whereas a trade mark can 
come into existence through adoption and use of 
the mark in commerce, without regard to registra- 
tion of the mark. 


It may be asked why any one should bother to 
register a trade mark. Registration is a measure of 
protection of the trade mark and good will asso- 
ciated with it. Registration of a trade mark in the 
United States Patent Office constitutes notice to the 
world that the registrant is the owner of such a 
trade mark. If it is found that someone is infring- 
ing the mark, a statement by the owner that the 
mark is registered in the United States Patent Office 
carries great weight. If it is necessary to resort to 
litigation to enforce the owner's exclusive right to 
a given trade mark, the court will consider the fact 
that a mark is registered as prima facie evidence 
that the mark is valid and is owned by the regis- 
trant, making it that much easier to enforce the 
owner's rights. 


Furthermore, if a trade mark is registered in the 
United States Patent Office, the owner always has 
the right to bring suit involving such mark in the 
federal courts, which may in certain cases be a 
decided advantage. Registration of a trade mark 
does not give the owner any legal rights which he 
did not have before; but it makes it much easier 
to enforce his rights. 
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e Proper use of a trade mark 


A trade mark should never be used as a com- 
mon noun to denote an article of commerce. It 
should be remembered that a trade mark is used 
to denote origin of the goods. A “Victrola” is not 
any gramophone, but only a gramophone produced 
by a certain company. If the word “Victrola” were 
permitted to be used to denote any gramophone, 
and if such use became general and accepted by 
the public there would be danger of the loss of trade 
mark rights therein, for then the word would cease 
being a trade mark and would become a dictionary 
word which all makers of gramophones as well as 
the public at large would be free to use. Thus we 
have the paradox that a trade mark is of most 
value when it is most widely used, yet, if its use 
becomes so common that it replaces the name of 
the article, it may lose all value to the owner. 


It is always best to denote that a word is a 
trade mark by capitalizing it, or by putting it in 
quotation marks. Better yet, the trade mark may 
be accompanied with a notation that it is a regis- 
tered trade mark. 

A trade mark should not be used to denote class, 
grade, style or quality of the goods. The public 
has a right to describe goods as to their character- 
istics; and if a trade mark were permitted to be- 
come synonymous with some such characteristic 
the public would have a right to use it, and the 
owner would lose the exclusive feature of his trade 
mark. For example, if a distributor of potatoes were 
to adopt the symbol “67” for a certain grade or 


size of potatoes; and if such usage became so com- 
mon that people were to associate “67” with that 
grade or size of potatoes generally regardless of 
origin, the mark would then become a grade mark; 
and the owner might lose the exclusive right to it, 
thereby losing both the trade mark and its asso- 
ciated good will. 


A trade mark should be applied to the goods 
whenever possible; when, from the nature or char- 
acter of the goods this is not feasible, the mark 
should be applied to the package or container in 
which the goods are sold. If it is a registered trade 
mark, the words “Registered in U. S. Patent Office” 
or “Reg. U.S. Pat. Off.” should appear on or closely 
adjacent to the mark so that the public may be 
properly notified of that fact. While the mark need 
not be affixed to the goods permanently, it should 
be so applied that it will be apparent to the pur- 
chaser while the goods are in ordinary channels 
of commerce. 


The above is but a brief discussion of the sub- 
ject of trade marks. The value of good trade 
marks, their wide use, the amount of good will in- 
volved and the amount of litigation involving trade 
marks are sufficiently important to warrant a 
greater familiarity with the subject than now exists 
among engineers and executives. Misconceptions 
concerning trade marks are legion. It is hoped that 
the above comments may serve to clarify some of 
the current vague notions regarding trade marks 
and lead to a greater interest in their proper selec- 
tion and use. 
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THE OPERATION OF THE 


SUPERPOSED TURBINE 


e JR. Hageman 
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The superposed or top turbine represents a re- 
cent development in steam turbines and is finding 
a steadily increasing field of application. Consid- 
ering the benefits to station economy which can 
be derived from the application of higher tempera- 
tures and higher pressures, the reason for this trend 
is easily understood. 


The advantages of modernizing an existing 
power plant through the addition of a superposed 
turbine are recognized both in the industrial and 
in the central station fields. The superposition of 
a high pressure element (boiler and turbine) over 
a low pressure steam plant can transform an anti- 
quated power plant into a modern one with the 


least possible expense. 


The operation of a top turbine in connection with 
an existing plant brings about some problems, 
which should be given due consideration in the 
plant layout, its design, and the contemplated oper- 
ating procedure. 


e Arrangement of the superposed 

turbine with regard to an 

isting installati 

A thorough study of the problems involved 
seems to indicate that the various practical arrange- 
ments of superposed turbine application can be 
grouped under three general classifications. The 
capacity of the superposed turbine in relation to 
size of the existing plant, that is, the capacity of 
existing steam and power producing units, is the 
determining factor in the grouping. Accordingly, 
the following discussion is based on arbitrary clas- 
sification of stations into those with large low 
pressure systems compared to the high pressure 
systems, those with relatively small low pressure 
systems, and those where the low pressure boilers 
will not be operated after the superposed turbine 
is put into service. 


Although it is conceivable that some installations 
may require operation of the top and low pressure 
turbine generators in such a manner that they 
would not be tied together electrically (supplying 
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25 and 60 cycle systems), this category will not be 
considered here. In most top turbine applications 
under consideration, under construction, or under 
operation there is an electrical tie-in of the super- 
posed turbine generator with the generators of the 
low pressure turbine. 


Superposed unit operating with large low pres- 
sure system. In this classification the capacity of 
the superposed unit is small with respect to the 
capacity of the low pressure system, Fig. 1. This 
arrangement represents the rule during the early 
stages of a power plant expansion by means of 
top turbine units. It is expected that a number of 
low pressure boilers will always be in operation. 


Under such conditions it is advisable to load up 
the top turbine unit to a definite constant output 
ordinarily limited only by the capacity of the top 
turbine generator. The low pressure boilers will be 
operated as usual, that is, to maintain the normal 
low pressure header pressure. For a given station 
output the steaming rate of the low pressure boilers 
will be smaller by an amount depending on the 
capacity of the top turbine. 


The top turbine can be operated like a base load 
machine. As such its output should be adjustable, 
but the turbine itself should not be materially in- 
fluenced by swings of the station load. Load swings 
should be taken care of by the low pressure tur- 
bines and boilers. In order to obtain such operat- 
ing characteristics, the speed governor of the top 
turbine should be adjusted to be more sluggish 
than the speed governors on the low pressure tur- 
bines. This type of operation can also be obtained 
by a load limiting device set conveniently to hold 
the top turbine at any desired maximum load. 


In other words, the superposed turbine is oper- 
ated like a condensing turbine, its load being reg- 
ulated by adjustments of the speed governing sys- 
tem. The back pressure regulator, if supplied, is 
out of service and the low pressure header pressure 
is maintained by the low pressure boilers. 


Superposed unit operating with a small low pres- 
sure system. An entirely different operating pro- 
cedure is necessary when the superposed unit is 
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connected to a low pressure system of relatively 
small capacity, Fig. 2. The operating characteristics 
of both the high and low pressure boilers now be- 
come a major factor in determining a suitable 
operating schedule for the station. 


It is quite possible that the high pressure boiler 
may be able to follow load changes more easily 
than the low pressure boiler because of its more 
modern design and more sensitive automatic con- 
trol equipment. With this condition there is a temp- 
tation to hold the low pressure boilers at a constant 
rate of steaming (base load) and let the automati- 
cally operated high pressure boiler follow the 
swings of the station load. The top turbine would 
have to be put under control of the back pressure 
regulator. 


The effect of a station load increase would be 
that the more sensitive speed governors of the low 
pressure turbines would respond first, tending to 
take the most of the load increase. But since the 
low pressure boiler is operating at constant capac- 
ity, the pressure in the low pressure header would 
drop and set the back pressure regulator of the 
top turbine in action. Falling back pressure would 
cause an increase of high pressure steam flow to 
the top turbine, and the high pressure boiler would 
automatically pick up the steam flow increase. 
The limitation of this arrangement is that, under 
the conditions mentioned, the swing of the station 
load should not exceed the capacity of the high 
pressure element (boiler and turbine). 


From the standpoint of station economy, the 
above system of operation is detrimental. Maxi- 
mum economy requires operation of the high pres- 
sure element at a more or less constant capacity. 
This requirement leads to a somewhat different, and 
certainly more difficult, system of operation. 


Instead of operating the low pressure boilers at 
a constant steaming rate, they are to be so regu- 
lated as to maintain an approximately constant 
steaming rate on the high pressure boilers. If a 
station load increase occurs, the low pressure tur- 
bines will again respond more readily than the 
high pressure turbine. The increased demand from 
the low pressure header will cause a drop in pres- 
sure, which now will be counteracted in two ways: 
First, the high pressure element will increase its 
output due to response of its pressure regulator to 
a falling pressure on the low pressure header and 
in part due to speed change. Second, the fireman, 
determined to maintain pressure on the low pres- 
sure header and an approximately constant steam- 
ing rate on the high pressure boilers will take ap- 
propriate action in adjusting the steaming rate of 
the low pressure boilers. 


The success of this method of operation will 
greatly depend on the rate of change in the station 
load. If the rate of change is low and the change 
is anticipated, it is possible that the low pressure 
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Fig. 1—Superposed Unit with Large L. P. System. 
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Fig. 3—Superposed Unit with No L.,P. Boilers. 
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boilers can be regulated to keep the low pressure 
header pressure constant. Under these conditions 
it would seem immaterial whether the top turbine 
is under control of the speed governor or the pres- 
sure regulator only. 


If, however, the rate of change is high and the 
change is not anticipated, the high pressure ele- 
ment can be made to carry a certain share of the 
requirements by operating the top turbine under 
pressure regulator control. A quick change of load 
will affect the system as already described. The 
only difference would be that since the low pres- 
sure boilers are being regulated for constant pres- 
sure on the low pressure header, the output of the 
high pressure element would be increased only 
temporarily. For the steady state the output of the 
high pressure element would be brought back to 
normal, and the low pressure boilers would operate 
at increased or reduced capacity, as the case may 
be. This can be done only if suitable flow meters 
are installed to show the operators of the low pres- 
sure boilers the output of these boilers compared 
to the total kw. 


A word may be said about the transition period. 
Slow changes in load, irrespective of whether they 
are in the direction of increase or decrease, will 
not cause any disturbance. A sudden increase in 
load will drain the high pressure boiler more if the 
low pressure boiler is operating for constant out- 
put and the top turbine is under pressure regulator 
control. During the transition period the high pres- 
sure element will be loaded up to full capacity. 
But if the top turbine is under speed control, the 
increased steam requirements will have to be cov- 
ered mainly by the low pressure boilers. 


A sudden decrease in load would unload the 
high pressure element in the first case and prob- 
ably cause the popping of the safety valves on the 
high pressure boiler. (It is always assumed that 
the swing is less or equal to the capacity of the 
high pressure turbine and boiler.) In the second 
case the burden of regulation rests mainly with the 
low pressure boilers—a condition that exists in any 
steam plant that has no top turbine. 


Both methods of operation are entirely feasible. 
When the top turbine is under pressure regulator 
control and the low pressure boilers are regulated 
by hand, it should be realized that the pressure 
range for which the regulator is set should not be 
too narrow. A small pressure range means large 
changes in output of the high pressure element, 
due to imperfect regulation of the low pressure 
boilers. With very poor regulation (over-regulation) 
on the low pressure boilers, it is quite possible that 
the high pressure element might change from full 
load to motoring with its attendant bad effects. 


Superposed unit operating with no low pressure 
boilers. Here the superposed turbine exhausts into 
a section of the low pressure header with sufficient 
low pressure turbine capacity connected, so that 
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the full capacity of the high pressure element can 
be utilized, Fig. 3. (If there is not enough low pres- 
sure turbine capacity connected, the output of the 
superposed turbine should be limited accordingly 
by means of a load limiting device.) 


For this group also there are two possible sys- 
tems of operation: 


First, the superposed turbine may be put under 
pressure regulator control and the low pressure 
turbines placed under speed control. The output 
of the combination should be regulated by means 
of the speed changer on the low pressure turbine 
only. If the combined output is to be increased, it 
is necessary to increase the steam admission to 
the low pressure turbine by adjusting the speed 
changer. The pressure in the low pressure header 
will then decrease and the back pressure regula- 
tor will increase the steam admission to the top 
turbine. This increased demand from the high pres- 
sure boiler will affect its regulating mechanism and 
increase the boiler output. 


Second, the superposed turbine may be placed 
under speed control and the admission valves on 
the low pressure turbines opened to an extent cor- 
responding to the maximum steam flow through the 
top turbine. This combination is identical to a cross- 
compound arrangement, the load being regulated 
by the speed changer of the top turbine. 


Slow changes in load can readily be taken care 
of in both cases. Sudden changes in load create 
no new problems, except that the ability of the 
arrangement to respond quickly depends entirely 
on the responsiveness of the high pressure boiler. 


It should be noted that the output in the second 
case has a lower limit, due to the existence of a 
minimum pressure on the low pressure header at 
which auxiliaries connected to this header will 
cease to function properly. 


e Governing system of 
superposed turbine 


In principle, the governing system (see Fig. 4) 
of a superposed turbine consists of a speed re- 
sponsive device (governor 1), a pressure responsive 
device (back pressure regulator 2), and a number 
of links, levers, and relays which translate the im- 
pulses into powerful motions controlling the steam 
admission valves. 


The speed governor is of the single spring, fly- 
ball type. It is driven directly from the turbine shaft 
at a suitable speed through a worm gear of proper 
ratio. All moving parts of the governor are sprayed 
with pressure oil to keep wear and friction to a 
minimum, thereby assuring maximum sensitivity. 


Similar to the arrangement on a standard tur- 


bine, the governor stem connects to one side of a 
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This property is utilized in the next following 
lever (10) which is mounted on a small torsion shaft 
(11). The contrivance by means of which the load 
can be limited is called the load limiting device (12). 
An adjustable stop in the opening direction of the 
valves makes it possible to limit the load to a def- 
inite figure. One or two additional single arm levers 
(13 and 14) rigidly attached to the torsion shaft ac- 
tuate the relay valves (15 and 16) of the main 
operating pistons (17 and 18) through restoring 
levers (19 and 20). These relay valves also are 
pilot operated. 


From these operating pistons the steam admis- 
sion valves are moved through properly dimen- 
sioned lever links and cams. 


The back pressure regulator (2)—-see also Fig. 5 
—consists of a detecting element (21) and a power 
element or servomotor (22). 


The detecting element is designed to give ex- 
treme sensitivity. Friction is eliminated by the use 
of sylphon bellows and ball bearings. The residual 
force of the otherwise balanced bellows is counter- 
acted by a light spring (23) acting through a large 
ratio single-arm lever (24). 


Any pressure change at the turbine exhaust in- 
fluences the detector in such a manner that for any 
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Fig. 4a—Diagrammatic Arrangement of Governing System on 15.000 kw Reaction Top Turbine. _ 


pressure within the range of the regulator there is 
a corresponding, definite detector stroke. This move- 
ment is used to control the power element. The 
power element (22) consists of a center pilot valve 
and a floating piston—a duplicate of the one used 
on the speed governor. By means of the back 
pressure regulator the position of the steam admis- 
sion valves is correlated to the steam pressure at 
the turbine exhaust. If the back pressure decreases 
by an amount equal to the full pressure range of 
the regulator, the steam admission valves open 
fully. In other words, for this pressure change, 
the turbine output is increased from no load to full 
load. A change in pressure amounting to only a 
fraction of the full range loads the turbine a pro- 
portionate amount. 


Whenever the pressure regulator is cut in, the 
steam admission valves are under its full control 
for the normal operating range. The speed gover- 
nor remains inactive as long as the synchronous 
speed is maintained but becomes active as soon as 
the normal speed is exceeded. 


Although it would be easy to build this type of 
regulator for an exceptionally narrow pressure 
range, too narrow a range may not be desirable. 
The practical range, as already pointed out, de- 
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pends on how closely the low pressure boilers can 
be regulated. The result of a combination of a 
narrow range regulator with a poorly controlled 
low pressure boiler will be a widely fluctuating 
load on the top turbine. 


It is now readily seen that irrespective of whether 
the pressure regulator is in action or not, the speed 
governor is always connected and will influence 
the position of the valves as soon as there is a 
deviation from normal speed. 


The operating pistons (17 and 18) are of sufficient 
size to positively control the steam admission valves 
in both the opening and closing directions. 


For reasons mentioned under Emergency Oper- 
ation, it is seen that it is of vital importance on a 
top turbine that the steam admission valves can 
be moved over their full stroke in a fraction of a 
second. The power requirements can be taken 
care of by properly dimensioning the pistons, pro- 
vided there is a sufficient supply of high pressure 
oil. 


However, a pump of a capacity to meet the 
momentary oil requirements at the pistons would 
have tremendous physical dimensions and would 
be highly uneconomical for normal operation. 
ie ae 
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This problem is solved by the introduction of an 
accumulator (26), which is an air- and oil-tight tank 
of suitable capacity, directly connected to the high 
pressure oil system. 


The oil level is set by admitting compressed air 
at the top of the tank. The pressure of the oil is 
balanced by the air cushion. 


This accumulator is capable of discharging oil 
at an exceedingly high rate if a sudden demand 
arises, and in this way assists the main oil pump 
(27) during periods of quick regulation. 


e Method of putting superposed 
turbine in operation 


On a straight condensing turbine the procedure 
to be followed in putting it into service depends on 
the condition of the turbine when starting up. If the 
turbine is cold, one method is followed; and if the 
turbine is to be started up after a short shutdown, 
a somewhat different method is followed. This also 
applies to a top turbine, except that the procedures 
are different. 


Starting from a cold condition. Since, in most 
cases, there are two sources of steam available, 
steam from the high pressure boiler and steam 
from the low pressure boiler, the question arises 
as to which source should be used for warming 
purposes. There are two things that must be con- 
sidered: first, a warming process is carried out 
more successfully with steam at moderate tempera- 
tures; and, second, the true field of application for 
the top turbine is at high pressures and tempera- 
tures. 


If it is possible to control the superheat on the 
high pressure boiler in starting it, it seems feasible 
to start the boiler and turbine together. However, if 
low pressure steam is available from the low pres- 
sure header, it is proposed to start the warming 
process by admitting low pressure steam to the 
exhaust of the top turbine. The steam flow is con- 
trolled by a small, hand-operated valve which is 
located in a by-pass around the exhaust check 
valve. 


The steam flows through the turbine in a direc- 
tion opposite to the normal flow and is taken out 
through the high pressure gland leak-offs to an 
open heater. 


During this warming process all drains are fully 
open and the spindle is rotated by a turning gear. 
A small amount of water is admitted to the water- 
sealed glands in order to condense any steam 
which might leak past the baffles of the water- 
sealed glands. 


After the turbine is thoroughly heated to the ex- 
haust temperature, the by-pass around the exhaust 
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check valve is closed and steam is admitted from 
the high pressure boiler. The second step will bring 
the temperature of the turbine well above normal 
exhaust steam temperature. After the proper period 
of preheating in the manner described, the turbine 
is ready for operation. 


Starting from a warm condition. During a shut- 
down of short duration the spindle turning gear 
should be kept in operation to prevent the distor- 
tion of the spindle. Because of the large heat 
capacity of the cylinder and spindle and a liberal 
amount of insulation, the temperature of the turbine 
will drop very slowly. It is expected that even after 
a shut-down of 24 hours the turbine will be in a 
condition to be preheated and operated with high 
temperature steam. 


To put the turbine on the line it is recommended 
that the pressure regulator (2) be entirely cut out 
by means of excenter (25) or the locking device 
(28), and the top turbine may then be synchronized 
like a condensing turbine by means of the synchro- 
nizer (4). 


If a top turbine in conjunction with a low pres- 
sure turbine has to be synchronized with an exist- 
ing system (no low pressure boiler capacity avail- 
able), the two turbo-generators have to be brought 
up like a cross-compound unit. Both generators are 
excited at standstill before steam is admitted to the 
high pressure unit. After full speed is reached, the 
units are synchronized. 
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e Normal operation 


As mentioned before, there are two possible ways 
the top turbine must operate—under speed control 
or under back pressure control. 


Speed control. When operating under speed 
control this type of turbine will act just like a con- 
densing turbine, that is, the load is adjusted by 
means of the speed changer or synchronizer (4), 
and provision is made to accomplish this either by 
hand at the turbine or through the synchronizer 
motor from a remote point. The steam admission 
valves are under control of the speed governor (1). 
The pressure regulator (2) is made inoperative and 
the exhaust pressure changes with the load unless 
this pressure is maintained by proper regulation of 
low pressure boilers which feed into the low pres- 
sure header system. 


Back pressure regulator control. It was previ- 
ously stated that the back pressure regulator con- 
trols the steam admission valves over their full 
stroke when the exhaust pressure changes by an 
amount equal to the range of the regulator. The 
output of the top turbine and the pressure on the 
low pressure header has a definite relationship in 
this arrangement. 


Changing from speed control to pressure regula- 
tor control and vice versa. The fluctuating load 
conditions of a power station during the day may 
make it necessary to change the arrangement of 
the power producing units either for reasons of 
economy or convenience of operation. 


Assuming -that the top turbine was operating 
under pressure regulator control and is to be 
changed over to speed controi, the change is ex- 
tremely simple, as it is only necessary to block the 
pressure regulator in ithe existing position. This is 
done by clamping the piston of the power element 
of the regulator (28). Since the speed governor and 
the speed changer are in operation at all times, the 
load can be adjusted by means of the speed 
changer. It should be noted that as soon as the 
regulator is blocked the correlation of load and 
back pressure disappears and both can assume 
arbitrary values. 


When control from the pressure regulator is de- 
sired, a different procedure is necessary. 


In order to get a better understanding of the 
situation, it may be well to cite an analogy. Sup- 
pose two distinct net works are supplied by two 
groups of generating units in the same station. The 
two groups of units may be tied together only 
through a common bus. It is simple enough to sep- 
arate the two systems by opening the bus tie; but 
if it is desired to close the tie again, it becomes 
necessary to synchronize the two systems. 


In changing over from speed control to pressure 
regulator control, a similar situation arises, that is, 
the need to “synchronize” the pressure. 


ALLIS-CHALMERS 


PAGE 28 e 


ELECTRICAL 





The condition of the speed changer and the pres- 
sure regulator before the change to speed control 
can be explained as follows: The top turbine was 
carrying a certain load, say 15,000 kw (half load). 
Because the turbine was controlled entirely by the 
pressure regulator (2), the speed changer (4) was 
in its original position since the top turbine was 
put on the line. Suppose the normal no-load back 
pressure was 220 lb per sq in. and the pressure 
range of the regulator, 10 lb. Then at 15,000 kw the 
pressure would have been 215 lb per sq in., and 
the regulator would have been in mid-position when 
it was locked. 


Since the change to speed control, the exhaust 
pressure may have changed to an arbitrary value 
of, say, 220 lb per sq in. The load may have been 
changed to the maximum output of 30,000 kw. Un- 
der these conditions it would be desirable to go 
back to pressure regulator control. 


First, it can be seen that the pressure at the ex- 
haust has risen to 220 lb per sq in., whereas it 
should be 210 lb according to the load carried at 
present. Second, it will be observed that the regu- 
lator still is locked in a position corresponding to 
15,000 kw. Third, the speed changer is now in a 
position corresponding to 30,000 kw based on mid- 
position on the pressure regulator. 


In “synchronizing” the superposed turbines, all 
incompatibilities must be removed. The steps nec- 
essary in this particular case are: First, lower the 
pressure on the low pressure header. Since it is 
necessary to pass the pressure (215 lb) at which 
the regulator was cut out, the pressure regulator 
should be released when the pointer (29) on it 
reads zero. Lowering the pressure further would 
cause the regulator to move and tend to load the 
unit more. The load, however, should be kept con- 
stant by adjusting the speed changer (4) in the 
proper direction. This adjusting of the pressure at 
constant load is continued until the pressure is 
reached that corresponds to the load carried, which 
in this case is 210 lb per sq in. At this point the 
pressure regulator is in the position that corre- 
sponds to full load, and the speed changer is back 
in its original position. 


Generally speaking, the low pressure header 
pressure is brought back to a value corresponding 
to the load when the regulator was cut out; then 
the regulator is released and the pressure adjusted 
to a value corresponding to the present load. Dur- 
ing the adjustment the load is kept constant by 
moving the speed changer. 


e Emergency operation 


Conditions may arise in the operation of the 
superposed turbine which may be more or less 
unusual and are, therefore, termed emergency con- 
ditions. 
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The top turbine may be under pressure regulator 
control and furnishing steam into the low pressure 
header, together with some low pressure boilers. 
Through inability to maintain the pressure on the 
low pressure boilers, the top turbine will pick up 
load. If the header pressure drops below the pres- 
sure limit for which the regulator is set, the turbine 
will be loaded up to full overload capacity. Al- 
though this does not represent a serious situation, 
it should be anticipated. 


Means are provided on the governor gear to pre- 
vent loading above any arbitrary figure, below and 
up to full overload. This is accomplished by the 
load limiting device (12). 


Equally possible is a situation where the low 
pressure header pressure rises above the upper 
pressure limit of the pressure regulator. This means 
that the top turbine will be unloaded. As long as 
the generator is tied in with the system, the speed 
will stay constant, and the synchronous generator 
will become a synchronous motor. This condition, 
having no ill effects on the generator, may become 
highly undesirable for the turbine if prolonged. 


On an extremely high pressure top turbine the 
exhaust pressure may be from 200 to 400 lb per sq 
in. Steam under this pressure represents a medium 
of considerable density. In this medium the turbine 
spindle is revolved at normal speed, and because 
the admission valves are closed no steam will cir- 
culate. 


It is obvious that it will not require much time 
before the steam yet contained in the cylinder will 
reach a temperature that will seriously endanger 
the blades. This is a condition which must not 
occur. In order to prevent serious overheating a 
certain amount of high pressure steam is permitted 
to flow at all times when the turbine is in opera- 
tion — even when the admission valves and the 
throttle valve are closed. This steam, of an amount 
less than that required to keep the unit rolling at 
full speed but sufficient to keep the blading from 
overheating, is by-passed around the throttle valve 
and one of the inlet valves. 


Another emergency condition arises if the gen- 
erator of the superposed turbine should suddenly 
lose its load. If the turbine was operating under 
speed control when the electric load is lost. a cer- 
tain overspeed would be reached. Its value would 
depend on the load carried and the ability of the 
valve gear mechanism to shut off the supply of 
steam. 


If the top turbine was under pressure control at 
the time the load is lost, the speed governor would 
immediately tend to shut the valves. But due to 
the fact that the load probably would be thrown 
onto low pressure generators, the pressure on the 
low pressure header would decrease. This decrease 
in pressure would actuate the pressure regulator 
and tend to increase the steam flow to the top tur- 
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bine, while at the same time the speed would in- 
crease and the speed governor would tend to shut 
the inlet valves. The fact that the speed governor 
and the pressure regulator would partly counteract 
each other means the closing of the admission 
valves would be retarded to a certain extent. Under 
all conditions, however, the tripping speed should 
not be reached. 


© Protective devices 


There are a number of protective devices by 
means of which greater safety in the operation of 
the high pressure boilers and the top turbine can 
be assured. The question of whether this or that 
device should be applied depends entirely on the 
purpose of the top turbine and the characteristics 
of the particular installation. 


The by-pass around the throttle and inlet valves 
of the top turbine is important in any case and 
can be considered a necessity. 


An atmospheric exhaust between the top turbine 
exhaust and the check valve is a desirable feature, 
if only for the purpose of keeping leakage back 
through the check valve away from the turbine 
during shut-down periods. 


On one installation a by-pass line with desuper- 
heater station was installed to make it possible to 
maintain the supply of steam from the high pres- 
sure boiler to the low pressure header, in case the 
superposed turbine should be out or should sud- 
denly go out of operation. 


The superposed turbine has, besides these spe- 
cial protective devices, all the other standard pro- 
tective devices for condensing turbines, such as 
excess speed governor (30), solenoid trip (31), and 
a pressure regulator which automatically starts the 
auxiliary oil pump in case a main oil pump should 
fail. 


The large top turbine is usually equipped with 
a turning gear, which keeps the turbine spindle 
revolving at low speed during shut-down periods. 
A separate motor-driven oil pump is usually pro- 
vided to furnish the lubricating oil when the turn- 
ing gear is in operation. Protection of the bearings 
against loss of oil is secured by an oil pressure 
actuated switch which shuts down the turning gear 
motor when the oil pressure drops below a certain 
limit. 


The above explanation indicates that the prob- 
lems inherent in the installation of superposed tur- 
bines have been recognized and carefully consid- 
ered. Therefore, a consideration of the problems 
involved’ in each specific installation, combined 
with an appreciation of the solutions suggested 
above, will lead to safer and more satisfactory util- 
ization of this relatively new addition to power sta- 
tion equipment. 
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MAKING SPARKS FROM ARCS 


e G. W. O'Keeffe, 
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The electric arc is a very useful device in an 
electric furnace, and engineers designing electric 
furnaces are looking for hotter and more destruc- 
tive arcs. On the other hand, because an arc is 
destructive there are many engineers interested in 
suppressing arcs to such an extent that their de- 
structive effect is negligible. In fact, this group of 
engineers would eliminate arcs entirely, but with 
the present knowledge of circuit interruption arcs 
cannot be entirely avoided. General circuit appli- 
cations require physical making or breaking of the 

‘uit, necessitating undesirable arcing. 


past few years have seen a great increase 

le knowledge relating to means for re- 
uppressing arcs, transforming large arcs 

Scientific arc control studies have 

shown how to reduce the arc energy of circuit in- 
terruption. Big arcs are characterized by the dissi- 
considerable amount of arc energy; 

sparks have very little arc energy. Arc energy is 
the factor to be controlled in order to reduce 
the destructive characteristics of an arc. High arc 


pation of 


energy results in rapid deterioration of parts and 
burning of contacts, whereas low arc energy causes 
but slight contact burning and permits circuit inter- 
rupting devices to operate with greater effective- 
ness. 


Arc energy is a product of: 
Voltage drop across the contacts, e 
Current in the arc, I 
Power factor, cos © 
Duration of the arc, t 


Arc energy is expressed in kilowatt seconds as 
follows: 


Arc energy = eI cos et 


A comparison of an older type of contactor motor 
starter with the confined-arc interrupter now in use 
on sorne modern motor starters indicates how much 
more efficient the modern devices actually are. 
Figure 1 shows a modern confined-arc interrupter. 
Figure 2a illustrates the action of the older, con- 
ventional type of contactor starter in which the 
natural magnetic blowout effect in the loop circuit 
of the contacts distends the arc so far that: it just 
blows itself apart and interrupts the circuit. That 
is, it inserts so much resistance through the increas- 
ing length of the arc that the current is diminished, 
and, finally, when the arc breaks, the contacts are 
open far enough so that the recovery potential 
cannot restrike the arc. 
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When the arc is distended over a considerable 
distance, the voltage drop across the arc is high. 
Since, as explained above, the voltage drop across 
the arc is one of the main factors in determining 
the value of arc energy, it can be concluded that 
if the voltage drop is high the arc energy will be 
high; and contact destruction will be proportionately 
high. Contrasted to the above is the action of the 
modern interrupting device with its enclosed arc, 
as shown in Fig. 3a. The voltage drop across the 
arc in an interrupter of this type is very small com- 
pared to that across the contactor type previously 
described. This low voltage is an important con- 
tributing factor to low arc energy in the interrupter 


equipped with this type of device. 


These facts are deduced from the accompanying 
oscillograms. Figure 2b is that of an oscillogram 
showing the interruption by the old style contactor 
of a stalled rotor motor circuit at 440 volts. The arc 
duration was four half cycles. The voltage drop 
was large, as can be seen on the oscillogram. The 
same fact is evidenced by the diminishing current 
values for each successive half cycle. The amount 


Fig. 1 — Interrupter Unit Complete with Stationary Contact 
and Terminal. 
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of arc energy is indicated by the shaded area of 
the arc energy curve. 


Figure 3b was taken on the same motor circuit 
under identical conditions as those of Fig. 2b ex- 
cept that here a modern enclosed confined-arc 
motor starter was used instead of the old type of 
contactor, to close and open the circuit. The arc 
duration is seen to be less than one-fourth that 
of the contactor. Inspection of the two oscillo- 


grams shows the voltage drop across the confined- ' 


arc interrupter contacts to be much less than that 
across the old type of contactor; moreover, a direct 
comparison of the arc energy areas shown in the 
two oscillograms reveals how very much more effi- 
cient the confined-arc interrupter motor starter ac- 
tually is. 


The confined-arc interrupter employs no mag- 
netic blowout or arc chute, nor does it have a long 
stroke; it confines the arc in an enclosing chamber. 
The small space in which the arc is drawn is sur- 
rounded by the cooling walls of the confining tube. 
This confining enclosure reduces or suppresses the 
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arc to a mere spark so that even on severe service 
the arc interrupting time seldom exceeds 0.0083 
seconds. This reduction in time is highly desirable, 
because, as noted above, time is a factor in deter- 
mining the value of arc energy. 


It is to be noted that even on the most severe 
stalled rotor motor current interrupting tests the arc 
is not drawn outside of the enclosing tube. 


The high efficiency of the confined-arc inter- 
rupter equipped motor starter means that contact 
burning is reduced io a minimum. Similarly, the 
production of gas is reduced to a minimum. This 
means that this type of motor starter can be 
mounted in non-ventilated cases, such as dust-tight, 
water-tight, and explosion-proof enclosures, without 
fear of excessive gas accumulation due to repeated 
and frequent operations such as are frequently en- 
countered in inching and plugging service. 


The ability of the confined-arc interrupter to 
make mere sparks out of arcs indicates the future 
trend of motor starter design. One can therefore 
look forward to motor starters which are small in 
size but extremely effective in performance. 


Arc Energy 
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The step type feeder voltage regulator which 
has recently established itself as a major factor in 
the field of voltage regulating equipment is essen- 
tially a transformer arranged for tap changing un- 
der load. Regulators of this type are available in 
both single-phase and three-phase units. The three- 
phase regulators are usually star-connected; and 
since this connection may be used on both grounded 
and ungrounded systems, the delta connection is 
usually unnecessary. It is sometimes convenient, 
however, to have the regulator suitable for both 
the delta and star voltages so that it may be used 
first on the delta voltage and later at the higher 
stor voltage. For instance, there are numerous 2400 
volt delta-connected systems in present use which 
will eventually be converted into 4160 volt star- 
connected systems; and it is, therefore, quite an 
advantage to have a regulator which may be oper- 
ated at either of these two voltages. 


In general the most economical way of obtain- 
ing this double voltage rating is to have the reg- 
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ulator suitable for the higher of the two voltages 
and operate it at reduced voltage on the lower 
voltage system. With this method the auxiliary con- 
trol windings may be supplied with taps so that 
suitable voltage is available for operating the con- 
trol instruments at both the high and low primary 
voltages. This feature can be very easily built into 
the regulator, and the increase in cost is nominal. 
By the use of this method the regulator is capable 
of carrying the same current and giving the same 
per cent regulation on either circuit. 


A second method of accomplishing this same 
result is to design the regulator so that it can be 
connected in either delta or star, as shown in Fig. 1. 
It must be remembered that since the series wind- 
ing is connected in series with the line in both 
cases, the current rating of the regulator is the same 
for both the delta and star connections. The range 
of regulation, however, is increased 50 per cent by 
the use of the delta connection. It is also to be 
noted that the delta connection produces a phase 


REVIEW PAGE 33 


ose i 
4 Pm ss = 
SN Te Ns ) 


inane St oad 
SA toa 
Fae 3 





pn 










shift in the output voltage, which may be objec- 
tionable on some circuits, and this phase shift is 
also responsible for a loss in kva. For example, if 
the star-connected rating is 4160 volts with plus 
and minus 10 per cent regulation, 100 amperes, the 
delta-connected rating would be 2400 volts plus and 
minus 15 per cent regulation, 100 amperes. The 
kva rating using the star connection is 


4160 X V3 X.1 X 100 = 72 kva 
and with the delta connection it would be 
2400 X y 3 X.15 X 100 = 62.3 kva 


The complications encountered in arranging for the 
delta-star connection, of course, add considerably 
to the cost of the regulator; and since the current 
rating is not increased by the delta connections, 
this method is not generally preferred. 


A third solution to the problem is possible if the 
current rating of the regulator is high enough to 
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require the use of a series transformer. Then the 
series winding of the series transformer can be 
designed for series-parallel connection, as shown in 
Fig. 2. In this way ratings more comparable with 
typical circuit ratings may be obtained. For ex- 
ample, the series winding may be wound for 6% 
per cent voltage on the parallel connection and 
13¥%3 per cent voltage on the series connection. 
Using the parallel connection with the delta-con- 
nected primary, overall regulation of plus and 
minus 10 per cent can be obtained. The series 
connection can then be used with the star-connected 
primary to give plus and minus 13% per cent reg- 
ulation. The current rating of the delta connection 
in this case will be twice that of the star connec- 
tion. 


Assuming a star-connected rating of 4160 volts 
plus and minus 13% per cent, 300 amp, then the 
delta rating would be 2400 volts plus and minus 
10 per cent, 600 amp. The kva rating for the star 
connection is 

4160 X y 3 X .133 X 300 = 288 kva 
while the delta-connected kva rating would be 
2400 X y 3 X .10 X 600 = 250 kva 


It is interesting to note that there is the same loss 
in kva using this method as with the preceding ex- 
ample; but this latter case permits higher current 
operation on the delta connection, and the regula- 
tion ranges for the two connections are more nearly 
equal. This method also produces the same phase 
shift in the output voltage when using the delta 
connection and is in general an even more expen- 
sive arrangement, due to the delta-star and series- 
parallel connections. 


Because of the inherent disadvantages of con- 
necting step type feeder voltage regulators in delta, 
most of these units are star-connected even though 
they are for use on delta-connected systems. 


Photograph Titles 


Cover 1 
D-C generator armature, 3000 kw, 600 volts, 360 rpm. 


Page 4 
Assembling anode plate on a mercury arc rectifier. The men are 
dressed in spotless white to maintain the scrupulous cleanliness 
necessary to prevent any kind of foreign matter coming in con- 


tact with the mechanism. Page 5 


Mercury arc rectifier for 50,000 volts, 2000 kw. 

Page 10 
Three-Winding Transformers: HV 20,000 kva, 132,000 volts; LV 
26,667 kva, 34,500 volts; TV 20,000 kva, 13,200 volts with forced 
air cooling. Page 14 
Fig. 15 — Phase angle side of 10,400 kva regulating transformers; 
three phase, 2400 volts, 250 amp. 

Page 15 
Fig. 16 —In-phase regulating side of transformer on page 14. 

Pages 18 and 19 

Part of a shipment of 30 mercury arc rectifiers for use in a large 
electrolytic metal refining plant; rating: 2750 kw, 600 volts. 


Page 21 
Two 1500 kw, 500 rpm, synchronous motor generator sets for use 
in a large steel mill. 

Page 30 


Interrupter unit installed on an oil circuit breaker, 4000 amp, 
1,000,000 kva interrupting capacity. 

Page 33 
Step voltage regulators, 1200 kva, three phase, 60 cycles, for 
13,200 volt circuit. 
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These nameplates identify the only step voltage regu- 
lators with thirty-two %% steps as standard equipment ... Ever since Allis-Chalmers intro- 
duced the %% step voltage regulator to the electrical industry thirty-two %% steps have been in- 
cluded as standard equipment, because... Allis‘Chalmers engineers early recognized that only 
with %% steps could the utmost in regulation be obtained. Today the AFR and DFR units are 
still the only. regulators that come equipped with thirty-two %% steps as standard equipment. 
Bulletins 1170B and 1183 fully describe the engineering principles behind the use of %% steps and 
show how you can save money through proper methods of regulation. Send for your copy today. 
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NEW INDOOR TYPE CUBICLE 


SWITCHGEAR 


x 
*« ae - : is 

a = & = ae Soa 4 
> o> ¢ ies eo. ce ee ~ 


mr | Fee Ror ee eee) 


Red Dots Show Emergency Manual 
Tripping Buttons on Outside of Cabinet 


CONCEALED OPERATING aerDLe 





You can insure continuity of service and at the same time cut installation 
costs with this new Allis-Chalmers Indoor Type Cubicle Switchgear, factory 
assembled in one complete unit. All that you have to do is connect the leads. 





For manually operated units, the CONCEALED oil circuit breaker handle, with 
an emergency manual tripping button outside, assures safety to your atten- 


dants and reduces to a minimum the space necessary for efficient operation. 


Allis-Chalmers Cubicles are easy to install, ruggedly constructed, provide maxi- 
mum safety and reliability, and are made easily accessible by means of 
hinged doors and panels. Modernize your control room with new, up-to-date 
Allis-Chalmers Indoor Type Cubicles. 
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